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An important goal of error analysis is to create processes aimed at reducing or preventing
the occurrence of errors and minimizing the degree of harm. The discovery of any errors
presents an opportunity to study the types that occur and to examine their sources and
develop measures to prevent them from recurring. The development of an effective system
for detecting and appropriately managing errors is essential to substantially attenuate their
consequences. At this stage, the error analysis process identifies contributing factors to
enable the implementation of concrete steps to prevent such errors from occurring in the
future. Active and comprehensive management of errors and adverse events requires
ongoing surveillance processes. Educational programs, morbidity and mortality meetings,
and a comprehensive and respected root cause analysis process are also essential com-
ponents of this comprehensive approach. To reduce the incidence of errors, health care
providers must identify their causes, devise solutions, and measure the success of im-
provement efforts. Moreover, accurate measurements of the incidence of error, based on
clear and consistent definitions, are essential prerequisites for effective action.
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wMedical errors gained widespread attention with the re-lease of the Institute of Medicine’s “To Err Is Human” in
ovember of 1999. This release reported that as many as
8,000 people die each year from inpatient medical errors.
utting this into perspective, deaths from medical errors sur-
assed deaths from breast cancer, motor vehicle accidents,
nd acquired immune deficiency syndrome. Furthermore,
edication errors account for more deaths annually than
orkplace injuries.1,2 Errors are common in medicine. For-
unately, most errors do not result in significant harm.3 Un-
nticipated outcomes are not necessarily the result of medical
rror. Common causes of medical errors leading to unantic-
pated outcomes include limited knowledge, insufficient ex-
erience, fatigue, and carelessness.4 Unanticipated outcomes
ot associated with medical error are caused by unrealistic,
ncorrected expectations; biological variability; and low-
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doi:10.1053/j.sult.2012.01.015robability, low-risk side effects. Those that are associated
ith medical error are caused by limited knowledge, inade-
uate experience, carelessness, and fatigue or faulty medical
udgment.
The issue of medical errors is highly complex. To improve
ealth care delivery, we must listen for the alarms of medical
rrors of all types, and rather than deflecting blame for not
earing them, we must acknowledge our mistakes and learn
rom them, so that tomorrow when they sound, we are ready
nd able to respond. Within radiology, the important prog-
ess in demonstrating disease has left error analysis a subject
nfrequently explored. There is the need to analyze the extent
nd causes of the phenomenon, which would help to identify
he most effective measures in terms of clinical risk manage-
ent, improving education in diagnostic radiology. If we are
uccessful in doing so, we will have made a truly profound
mprovement in the quality of the health care we deliver.
The Sources of Errors
Diagnostic errors are relatively common according to
Brenner et al.5 They may result in delayed diagnosis and
reatment, the failure to recognize a complication of treat-
ent, the performance of a study when not indicated or
hen contraindicated, or the failure to supervise or monitor
case.5
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380 A. Pinto et alIn general, there are 4 main reasons why radiologists are
sued: observer errors, errors in interpretation, failure to sug-
gest the next appropriate procedure, and failure to commu-
nicate in a timely and clinically appropriate manner.6
Kundel et al7 described 3 types of observer error: scanning
error (result of failure of the radiologist to fixate in the area of
the lesion), recognition error, and decision-making error,
which is the most common error in the study by Kundel et
al.7 This error is due to incorrect interpretation of a malignant
lesion as a normal structure after detection. Another form of
observer error that may contribute to lesions being over-
looked (a lung cancer, for example) is satisfaction-of-search
error.8 Satisfaction of search occurs when an abnormality is
missed because another abnormality has been detected.
Moreover, failures of abnormality detection in film reading
(ie, perceptual errors) are subject to psychophysiological fac-
tors of human visual perception.9 An additional source of
error results from the influence a radiology report has over
another radiologist. This type of perceptual error occurs be-
cause the radiologist reads the old report before looking at
the films.10 Sources of error in interpretation include clinical
history, the presence or absence of previous studies, index of
suspicion, the presence of an abnormality, the reading room
environment, and the level of vigilance of the interpreter.11
Because radiology practice typically involves pivotal inter-
actions with referring physicians regarding diagnoses and
care decisions, deficiencies in communication can be devas-
tating.
Even if a radiologist correctly interprets a case, there may
be reporting errors. Sources of reporting errors are failure to
generate a written report after an examination or a procedure;
lack of timeliness; vagueness or ambiguity; subjective prob-
ability estimates or verbal expressions of probability, such as
“no evidence of;” omission of the degree of certainty regard-
ing findings; recording the wrong patient name; removal of
the films from radiology before interpretation; and nonre-
porting of urgent, significant unexpected, or questionable
findings that may not be associated with clinical signs or
symptoms.12
The Importance of
a Good Communication
In the event of an adverse outcome, patients have clearly
voiced their needs and wants, which are as follows: (1) to
know the truth about the event and occurrence, (2) for health
care organizations to accept responsibility, (3) an apology in
recognizing patient trauma, and (4) an apology from the
health care practitioner. Monetary reimbursement was not
one of the top desires. The need for monetary compensation
is exceeded by the patient’s desire for human interaction and
communication.13 Not only is the provision or lack of com-
unication a key factor in malpractice litigation, but the lack
f physician communication with disclosure of adverse
vents is disparaging to patients.
Although a perceived barrier to disclosure is the fear of
ncreased litigation, poor communication is actually a greater tisk for litigation. Improved communication can minimize
alpractice suits and decrease perceived adverse events.
oor interprofessional communication is a key contributor to
dverse events. Poor patient–provider communication, even
ithout an adverse event, may leave patients with a percep-
ion of a medical error. These miscommunications, even
hen no adverse event occurred, also led to obvious patient
issatisfaction and the threat of litigation.14 Communication
is the key to preventing dissatisfaction, preventing perceived
medical error/adverse outcomes, and dealing with adverse
outcomes. Although disclosure may be therapeutic for a phy-
sician, emotional distress involved with medical errors/ad-
verse outcomes may cause physicians to experience shame
and disgrace. Patient dignity must always be respected. Dis-
closure conversations should include empathy and acknowl-
edgment of what patients and their families have experi-
enced.15 Although a disclosure conversation does not imply
ault or liability, patients deserve empathy, which may in-
lude the expression of “I’m sorry.” A lack of consensus exists
bout the concept of apology, and “I’m sorry” is even more
ntensely debated. Patients desire an apology for medical er-
ors. If they do not receive an apology, they may perceive the
hysician as cold and impersonal. Physicians are often reluc-
ant to apologize because they feel it is an admission of guilt
nd have a fear of increased litigation.16
Assessment of Accuracy
Diagnostic accuracy is perhaps the single most important
aspect to monitor in radiology because of its strong connec-
tions with health outcomes. At the threshold of uncertainty,
radiologists can err on the side of making false-positive or
false-negative decisions depending on their concern for the
consequences of their decisions.17 Which quality assessment
approaches are used depends for the most part on the partic-
ular aspects of care being examined. Evaluation programs
may be person centered or system centered, and their scope
can be department wide, institution wide, or system wide.
Professional audits and peer reviews, surveys, inspections,
and risk management programs are the most common frame-
works.
Radiology Peer Review as a
Good Way to Reduce Errors
Peer review has been a component of radiology for many
years and has taken on various forms as it has evolved. How-
ever, the basic tenet is unchanged—peer review involves
oversight among colleagues as a means of ensuring quality
care for patients.18 In a common model, random studies are
ulled from the previous month and given to randomly as-
igned colleagues for reinterpretation. The original interpre-
ations are correlated with the reinterpretations, and discrep-
ncies are recorded and may be reported to the original
adiologists, providing an opportunity for learning and per-
ormance improvement. This approach requires the time of
he reviewing radiologists and the department personnel
v
g
t
Learning from errors in radiology 381who pull the studies and record and report results. Peer re-
view has been automated in many radiological departments.
Studies are pulled randomly and distributed to reviewers
electronically. The reviewers fill out electronic forms, and the
results are recorded and reported by e-mail to the original
radiologists.18
Some departments have integrated peer review into their
daily clinical workflow by providing previous interpretations
with every new study and including a checkbox for interpret-
ing radiologists to indicate whether they agree with the pre-
vious interpretations and, if not, a text box to indicate why
they disagree. Discrepancies are reported to the original ra-
diologists by e-mail. This system minimizes the time required
of the reviewing radiologists.18
When reviewing previous studies to interpret new cases or
consult with clinicians, errors may be discovered on the basis
of discrepancies in interpretation of the images themselves or
additional or revised clinical information. New clinical infor-
mation, such as operative or pathology results, becomes
available that, in retrospect, alters the optimal interpretation
of studies; such information may come to light during infor-
mal consultations or interdisciplinary conferences.18
Radiologists have been encouraged to hold and participate
in meetings where cases involving radiological errors are dis-
cussed. There is evidence that error rates can reduce after
establishment of a departmental discrepancy review meet-
ing,19 and such activity can be cited in audit and appraisal
discussion.
Educational and
Professional Initiatives
Medical education and training play key roles in ensuring
that patients receive the best quality care. The content and
methods of teaching and acquiring professional knowledge
and skills continually advance in response to developments
in science and society. The current major emphasis on im-
proving patient safety and the overall quality of health ser-
vices has significant implications for medical education.
Federal and state governments, state boards, professional
associations, consortiums of institutions, health care organi-
zations, and providers themselves participate in the develop-
ment and implementation of policies, standards, and guide-
lines for practice aimed at quality assurance. Improvements
in performance have come about through the use of tools
such as checklists, clinical history prompts, and perceptual
feedback and, more recently, with technologies such as dig-
itally acquired images and computer-aided detection. Double
reading, making available previous films and relevant clinical
data, careful attention to viewing conditions, and fostering
teamwork can also be helpful.20-22
New technology can be used to prevent errors. Natural
language processing and voice recognition software can be
trained to detect errors or discrepancies within reports auto-
matically, before the report is verified or signed off by radi-
ologists. This may not be feasible in developing countries,
where digital imaging and voice recognition software are notwidely available. In these circumstances, vigilance on part of
the reporting radiologist and requesting physician is of im-
portance, to prevent errors in patient treatment. However,
even though technological advances, such as structured re-
porting, electronic requesting (order communication), and
voice recognition software, can potentially reduce error in
radiology departments, they must be used with caution.
Voice recognition software has been shown to increase the
error rate in radiology reports as against conventional dicta-
tion systems and transcriptionists. Thus, even though tech-
nology may reduce a specific type of error in reports, this may
occur at the expense of causing another type of error.23
Education and leadership will be most important to creat-
ing and sustaining a strong safety culture and, arguably, the
most important defense against preventable harms.
Organizational Culture of Safety
Virtually, all the progress in safety thus far has been derived
from using multiple converging techniques to discover un-
derlying vulnerabilities and potential paths to failure and
innovating ways to cope with the potential form of failure in
the context of the changing pressures and demands that is
health care. The study of “errorology,” the search for the
number of errors, is misguided and leads to an unproductive
and, ultimately, divisive debate about an inexact, socially
charged, and poorly defined quantity. The error or mishap
should be the starting point of study, not the ending point.
Using error as a cause of break in human performance is
wrong because it misses the confounding factors and systems’
factors that influence the actual human cognition and perfor-
mance. The Institute of Medicine report identifies a need to
create cultures of safety within all health care organizations.1
The health care organization must be a learning environment
to build and maintain a culture of safety. Error reporting
should be confidential and exist without fear of blame. Re-
porting should include near misses. Learning from errors and
near misses prevents history from repeating itself in poten-
tially devastating ways.
Greater openness with patients about harmful errors is
recommended. Many ethicists and professional organiza-
tions endorse disclosure of harmful errors to patients.24-27
In the United States, the Joint Commission’s accreditation
standards now require that patients be informed about un-
anticipated outcomes.28 In response, many hospitals are de-
eloping disclosure programs. However, recent studies sug-
est that disclosure of harmful medical errors to patients is
he exception rather than the rule.29-34 Although disclosing
errors is difficult for any physician, radiologists face unique
disclosure challenges, especially those who interpret mam-
mograms.35
Communicating effectively with patients following errors
could enhance patient satisfaction and trust in future health
care encounters.36,37 Although it may seem counterintuitive,
effective disclosure may also reduce the likelihood of mal-
practice claims.38,39
382 A. Pinto et alConclusions
The main reason for studying medical errors is to try to pre-
vent them. Identification and reduction of diagnostic error
provides a measure of the efficacy of the health care system,
as it reduces mortality, morbidity, length of hospital stays,
and additional health care costs.
Diagnostic errors can be reduced by improvements both in
knowledge and in systems. An important goal of error anal-
ysis is to create processes aimed at reducing or preventing the
occurrence of errors and minimizing the degree of harm.
Radiology is no more prone than other specialties to quality
gaps, and the rate of errors is comparable with all other med-
ical errors. Natural variation in anatomy and subjectivity will
always lead to some variation in practice, and a residual error
rate will always exist, but advances in technology should help
cultivate continued quality improvements.
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